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Description 

BACKGROUND OF INVENTION 
5 1 . Field of Invention 

[0001] The present Invention is related to a cast alloy used for the production of a pennanent magnet, which contains 
rare-earth elements, and to a method for producing the cast alloy. The present invention is also related to a method 
for producing a rare earth magnet. 

10 

2. Description of Related Art 

[0002] The production amount of rare earth magnets is steadily increasing along with miniaturization and perform- 
ance enhancement of electronic appliances. In particular, the production amount of NdFeB magnets is continuously 

15 increasing, because it is superior to the SmCo magnet in the aspects of high perfonnance and low material cost. 
Meanwhile, demand for the NdFeB magnets, perfomnance of which has been further enhanced, is increasing. 
[0003] The ferromagnetic phase of the NdFeB magnet, which plays an important role in realizing the magnetic prop- 
erties, is the R2T14B phase. This phase Is referred to as the main phase. There is also present in the NdFeB magnet 
a non-magnetic phase, which includes rare earth elements, such as Nd or the like, in high concentration. This phase 

20 is referred to as the R-rich phase and also plays an Important role as follows. 

(1) The R-rich phase has a low melting point and hence is rendered to a liquid phase in the sintering step of the 
magnet production process. The R-rich phase contributes therefore to densiflcation of the magnet and hence 
enhancement of magnetization. 
25 (2) The R-rich phase eliminates the defects of the grain boundaries of the R2TUB phase, which defects lead to 

the nucleation sites of reversed magnetic domains. The coercive force Is thus enhanced due to decreasing to the 
nucleation sites. 

(3) Since the R-rich phase is non-magnetic, the main phases are magnetically isolated from one another. The 
coercive force is thus enhanced. 

30 

[0004] It will be understood from the roles mentioned above that, when the dispersion of the R-rich phase is insufficient 
to cover the grain boundaries of the main phases, local reduction of the coercive force occurs at the non-covered grain- 
boundaries, and hence the squareness ratio of the magnet is impaired. Furthermore, since the sintering properties are 
impaired, the magnetization and hence the maximum energy product are lowered. 

35 [0005] Meanwhile, since the proportion of the R2Fe.|4B phase, i.e., the ferromagnetic phase, should be Increased in 
the high-performance magnet, the volume fraction of the R-rich phase Inevitably decreases. In many cases, however, 
such attempted increase In the fraction of R2Fe^4B phase does not necessarily attain high performance, because the 
local insufficiency of the R-rich phases is not solved. A number of studies have, therefore, been published on how to 
provide a method for preventing the perfomnance reduction due to the insufficient R-rich phase. They are roughly 

40 classified into two groups. 

[0006] One group proposes to supply the main R2Fe^4B phase and the R-rich phase from separate alloys, respec- 
tively. This proposal is generally referred to as the two-alloy blending method. An alloy magnet having a particular 
composition can be produced by the two-alloy blending method using the two alloys, composition of which can be 
selected in a wide range. Particularly, one of the alloys. I.e., the alloy for supplying the R-rich phase, can be selected 

45 from a large variety of compositions and can be produced by various methods. Several interesting results have ac- 
cordingly been reported. 

[0007] For example, an amorphous alloy, which is rendered to a liquid phase at the sintering temperature, can be 
used as one of the alloys for supplying the grain-boundary phase (hereinafter referred to as "the boundary phase 
alloy"). In this case, since the amorphous alloy is under a non-equilibrium state, the Fe content of this alloy is adjusted 

50 to a higher level than that of the ordinary R-rich phase composition. When a magnet is to be produced by using the 
amorphous boundary-phase alloy, the mixing ratio of the boundary-phase alloy can be made high corresponding to 
high Fe content of the amorphous boundary phase alloy. As a result, when the R-rich phases are formed at the sintering 
steps, they are well dispersed and hence the magnetic properties are successfully enhanced. Furthermore, the amor- 
phous alloy can effectively suppress the powder oxidation (E. Otsuki.T. OtsukaandT. Imai, 11th International Workshop 

55 on Rare Earth Magnet and Their Application Vol. 1 , p 328 (1 990)). 

[0008] According to another report, a high-Co alloy is used as the boundary phase alloy to successfully prevent the 
powder oxidation (M. Honshima and K. OhashI, Journal of Materials Engineering and Perfonmance, Vol. 3(2), April 
1994, p218- 222). 
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[0009] The other group proposes the strip casting of the final composition alloy. This method realizes a higher cooling 
rate than by the conventional metal-mold casting method and hence enables to finely disperse the R-rich phases in 
the alloy structure produced. Since the R-rich phases are finely dispersed in the cast alloy, their dispersion aftercrushing 
and sintering is also excellent so as to successfully improve the magnetic properties (Japanese Unexamined Patent 

5 Publications Nos. 5-222.488 and 5-295,490). 

[0010] Apart from the discussions hereinabove, since the volume fraction of R^^JB phase is high in the high-per- 
formance magnet, its composition becomes close to the stoichiometeric R2T14B composition. The a-Fe is liable to form 
by the peritectic reaction. The a-Fe in the powder Incurs reduction in crushing efficiency in the magnet production. If 
the a-Fe remains in the magnet after sintering, the magnet performance is lowered. The a-Fe must, therefore, be 

10 diminished by means of homogenizing heat-treatment of an ingot for a long period of time, if the ingot is produced by 
the conventional metal-mold casting. The strip casting method is advantageous over the metal-mold casting method, 
because the precipitation of a-Fe is suppressed by means of increasing the solidification rate and hence super-cooling 
the alloy to beneath the peritectic-reaction temperature. 

[0011] The two-alloy blending method and the strip casting method can be so combined that the main-phase alloy 
IS and an alloy with low R content are strip cast. Even in this case, although the R content is so low as to form a-Fe, the 
effects of the strip casting, i.e., the suppression of a-Fe fomriatlon and the enhancement of crushing efficiency, are 
recognized. 

[0012] When the alloy having a relatively low R content is used in the two-alloy blending method, the R content of 
the main-phase alloy is correspondingly high. Even if the main-phase alloy is cast by the conventional metal-mold 
20 casting method, the formation amount of a-Fe is considered to be small. When such main-phase alloy is cast by the 
strip casting method, since a-Fe formation is thoroughly suppressed, extremely good crushing property and good grain 
dispersion are attained. The strip casting combined with the two-alloy blending method also improves the dispersion 
of the R-rich phases (Japanese Unexamined Patent Publication No. 7-45,413). 

25 SUMMARY OF INVENTION 

[0013] As is described hereinabove, the two-alloy blending method, the strip-casting method, and the combined, 
two-alloy blending and strip-casting method attain good dispersion of the R-rlch phase after sintering and hence im- 
provement in the magnetic properties. The magnetic properties do not attain, however, the required level. It is, therefore, 
30 an object of the present Invention to furthemriore improve the prior art method, in such a manner that high magnetic 
properties, particularly high residual magnetization (Br), are stably realized. 

[0014] In accordance with the objects of the present invention, there is provided a cast alloy used for the production 
of a rare earth magnet (hereinafter referred to as "the inventive cast alloy") which contains from 27 to 34% by weight 
of at least one rare earth element (R) including yttrium, from 0.7 to 1 .4% by weight of boron, and the balance being 

35 essentially iron and, occasionally any other transition element, and comprises an R2T14B phase, an R-rich phase and 
optionally at least one ternary phase except for the R2T14B phase and the R-rich phase, 

characterized In that the volume fraction (V) in percentage of said R2T14B phase and said at least one ternary 
phase is more than 138-1 .6r (with the proviso that r is the content of R In tenms of weight percent), the average grain 
size of the R2T14B phases is from 1 0 to 1 00 )im and, further, the average spacing between the adjacent R-rich phases 

40 is from 3 to 15 Jim. 

[0015] Cast alloys according to the embodiments of the present invention include the following. 

(1) An inventive cast alloy, which contains from 28 to 33% by weight of at least one rare earth element (R) including 
yttrium, from 0.95 to 1 .1% by weight of boron, and the balance being essentially iron and, occasionally any other 

45 transition element, characterized in that the volume fraction (V) in percentage of said R2T14B phase is in the range 

of from 138 - 1 .6r < V < 95, the average grain size of the R2T^4B phases is from 10 to 50 \ur\ and, further, the 
average spacing between the adjacent R-rich phases is from 3 to 10 ^m. 

(2) A cast alloy according to (1), which contains from 30 to 32% by weight of at least one rare earth element (R) 
including yttrium, from 0.95 to 1 .05% by weight of boron, and the balance being essentially iron and, occasionally 

so any other transition element, characterized in that the volume fraction (V) in percentage of said R2T14B phase is 

in the range of from 138 • 1 .6r < V < 95, the average grain size of the R2T14B phases is from 15 to 35 MJn and, 
further, the average spacing between the adjacent R-rich phases is from 3 to 8 pin. 

(3) An inventive cast alloy, which contains from 27 to 30% by weight of at least one rare earth element (R) including 
yttrium, from 0.95 to 1 .4% by weight of boron, and the balance being essentially iron and, occasionally any other 

ss transition element, characterized in that the volume fraction (V) in percentage of said R2T^4B phase is more than 

91 , the average grain size of the R2T14B phases Is from 15 to 100 )j.m and, further, the average spacing between 
the adjacent R-rich phases is from 3 to 15 |im. 

(4) A cast alloy according to (3), which contains from 28 to 29.5% by weight of at least one rare earth element (R) 
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Including yttrium, from 1.1 to 1.3% by weight of boron, and the balance being essentially Iron and, occasionally 
any other transition element, characterized in that the volume fraction, (V) in percentage of said ^2^^A^ phase is 
more than 93, the average grain size of the ^^^JB phases is from 20 to 50 \m\ and, further, the average spacing 
between the adjacent R-rich phases is from 5 to 12 

5 

[0016] In accordance with the present invention, there is provided a method of producing a cast alloy, characterized 
in that melt having one of the above mentioned compositions is fed onto a rotary casting roll, and is cooled in a tem- 
perature range of from melting point to 1000'C at a cooling rate of 300*C per second or more, preferably 500'C per 
second or more, and further cooled in a temperature range of from 800 to 600^C at a cooling rate of I^C/second or 

10 less, preferably 0.75^C per second or less. 

[0017] There is also provided a method for producing a magnet, characterized in that the inventive cast alloy or the 
cast alloy according to items (1) or (2), mentioned above, is crushed and pulverized into powder, and the powder is 
compacted under magnetic field and then sintered, as well as a method for producing a magnet, characterized In that 
the inventive cast alloy of the cast alloy according to items (3) or (4) is crushed and pulverized Into a first powder, the 

IS first powder and the second powder which contains iron and rare earth elements in an amount greater than the first 
powder are mixed together, and the powder mixture is compacted under magnetic field and sintered. 
[001 8] The present inventors gave consideration to the relationship between the structure of the R-T-B alloy and the 
magnetic properties, and attained the present invention. The facts discovered by the present inventors reside In that: 
in the strip-casting method of the magnet alloy, the residual magnetization is enhanced by means of controlling the 

20 cooling condition in such a manner as to decrease the volume fraction of the R-rich phase; and, further the volume 
fraction of R-rich phase is decreased by means of heat-treating after casting. When the cast alloy Is processed to 
provide a magnet and the evaluation of the magnetic properties is conducted, the enhancement of the residual mag- 
netization Is recognized. 

[001 9] The above facts are also recognized In the two-alloy blending method, in which the main-phase alloy Is strip 
25 cast. 

[0020] According to the previous elucidation of the R-rich phases, they are present at the grain boundaries of the R- 
T-B magnet alloy which may or may not be strip cast alloy, and, in order to unifomily and finely disperse the R-rich 
phases, the spacing between them should be decreased, that Is, the grain size of main-phase crystals should be 
decreased. Contrary to this, according to the inventors' discovery, the R-rich phases and grain boundaries of the main 
30 phase do not necessarily coincide with one another, and improved magnetic properties are attained by Increasing the 
grain size of the cast alloy, decreasing spacing between the adjacent R-rich phases, and such structure can befomned 
by means of controlling the cooling condition of an ingot in the casting process. 

[0021] A cast alloy according to the present invention contains R (at least one rare-earth element including yttrium), 
T (transition element but iron being essential) and B, as the basic elements, and has a low volume fraction of the R- 
35 rich phases, an optimum spacing between the adjacent R-rich phases (hereinafter referred to as "the inter-R rich phase 
spacing") and controlled grain size of the R2Fe^4B phases. The magnet produced by using the cast alloy has high 
residual magnetization (B^). 

[0022] A method for producing a cast alloy, which contains R (at least one rare-earth element including yttrium), T 
(transition element but iron being essential) and B, as the basic elements, according to the present invention controls 
40 the solidification condition and cooling rate or heat-treatment after the casting in such a manner that the volume fraction 
of the R-rich phases is decreased, the inter-R-rich phase spacing is optimized, and the grain size of the H2^^^4^ 
phases is controlled. 

[0023] Before describing the present invention the ordinary main-phase alloy is described. This alloy has a somewhat 
R-rich composition as compared with the stoichiometric R2Fei4B composition and undergoes the solidification and 

45 structural changes in the heat treatment as is described for an example of a ternary Nd-Fe-B magnet. 

[0024] In conventional solidification using a metal mold, the cooling rate is particulariy slow In the vicinity of the center, 
i.e., a half of the thickness of an Ingot. The primary a- Fe crystals are first fomned and the co-existence of the two 
phases, that is, the liquid phase and the primary a-Fe crystals, is realized in the center of an ingot. The Nd2Fe^4B 
phase is then formed from the liquid phase and the primary a-Fe crystals under the peritectic reaction at 1 1 55^C. Since 

so the peritectic reaction speed is slow, the un reacted primary a-Fe crystals remain in the Nd2Fei4B phase. Following 
the subsequent temperature-fall, the Nd2Fe<|4B phase is further fomried from the liquid phase, the volume fraction of 
the liquid phase con-espondingly decreases and the composition of the liquid phase shifts to the Nd-rich side. Finally, 
the liquid phase solidifies at 665*'C at the ternary eutectic reaction to fomn three Nd2Fe^4B, Nd-rich and B-rich phases. 
[0025] Now, in the case of the strip-casting method, since the solidification rate Is so high as to super-cool the alloy 

55 melt down below the peritectic reaction temperature, as described above, the formation of primary a-Fe crystals is 
suppressed and the Nd2Fei4B phase can be directly formed from the liquid phase. A subsequent cooling is also so 
rapid that the solidification completes before complete formation of the Nd2Fei4B phase. The volume fraction of 
Nd2Fei4B phase is smaller than that predicted from the equilibrium diagram. In addition, the Nd-rich phase, which is 
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formed at high cooling rate, has a lower Nd concentration than that predicted by the equilibriunn phase diagram. The 
volume fraction of Nd-rich phase is high as a result of the low volume fraction of Nd^Fei4B phase. 
[0026] Although the descriptions in the preceding two paragraphs are related to an example of the ternary Nd-Fe- 
B, they can be expanded to the general R-T-B, that is, similar changes occur but for a slight variation in the reaction 
5 temperature and the like. 

[0027] The present invention is now described in detail. 

(1 ) Volume Fraction of the ly^ain Phase and the Ternary Phase 

10 [0028] The volume fraction of the main phase, i.e., the R2^^u^ phase, and the ternary phase (V), which Is at least 
one ternary phase expect for the R2T14B phase and the R-rich phase, is more than 138-1 .6r ("i*' is the content of R 

in terms of weight %). 

[0029] As is described above, in the conventional strip-casting method, the volume fraction of the R-rich phase is 
greater and the volume fraction of the R2Fe^4B phase is smaller than that predicted by the equilibrium. A characterizing 

15 structure according to the present invention is that fomiation of primary a-Fe crystals is suppressed, the volume fraction 
of the R-rlch phase is low, volume fraction of the main phase is high and the R-rich phases are finely dispersed. This 
characterizing structures are obtained by optimizing the cooling condition in the strip-casting. 
[0030] The present inventors paid attention not only to the roles (1 ), (2) and (3) mentioned above but also to another 
role of the R-rich phase of the cast alloy. That is, the volume fraction of the R-rich phase exerts an influence upon 

20 residual magnetization of the magnet in such a manner that it becomes higher at a lower volume fraction of the R-rich 
phase, as long as such fraction is sufficient for maintaining the sintering property, 

[0031] In accordance with the decrease in the R content, the volume fraction of the R-rich phase decreases and the 
volume fraction of the main phase (\0 increases. The volume fraction (V) of the main phase and the ternary phase 
which brings about the effects of the present invention is dependent upon "r", which is weight % of the rare earth 

25 element and is greater than 138 - 1.6r. When "r" Is relatively as high as approximately 30% by weight or more, the 
volume fraction of the main phase (V) is preferably more than 1 38 - 1 .6r and less than 95%. 
[0032] According to an embodiment of the present invention, the cast alloy according to the present invention can 
be used in the two-alloy blending method. In this embodiment, the cast alloy according to the present Invention and 
another alloy (s) which contain iron and rare earth elements in an amount essentially greater than said cast alloy are 

30 mixed together to provide a composition of the magnet. In this embodiment, the content of rare-earth element of the 
main-phase alloy is usually as low as 30% by weight or less. In this case, the volume fraction (V) is preferably more 
than 91% (V > 91), more preferably more than 93% (V' > 93). Note that said another alloy(s) is the boundary-phase 
alloy which has a structure greatly different from the inventive cast alloy. The volume fraction mentioned above is 
therefore not at all applied to the boundary-phase alloy. 

35 [0033] According to Japanese Unexamined Patent Publication No. 7-176,414, when the R-rich phase of the main- 
phase alloy is decreased, the sintering property is readily impaired and hence the residual magnetization is decreased. 
The present inventors discovered, however, that there Is a range of the R-rlch phase, in which the sintering property 
is maintained notwithstanding a decrease in such phase, and, further, the residual magnetization Is enhanced with a 
decrease in the R-rich phase. 

40 

(2) Average grain size of the R2Ti4B-phase 

[0034] The average grain size of the R2^^aa^ phase is characterized by being from 1 0 to 1 00 |im measured in the 
direction of a short axis. When the average grain size of the main phase is 10 p.m or less in the cast alloy, and, when 

45 the cast alloy is finely pulverized to a particle diameter in the range of from 3 to 5 iim for the purpose of compacting 
under a magnetic field, the proportion of powder particles, in which a crystalline grain boundary is present, becomes 
high in the entire powder. Two or more main-phases having a different orientation are, therefore, present In a single 
particle, thereby decreasing the orientation and residual magnetization of a magnet. It Is, therefore, convenient that 
the average grain size of the R2Fei4B phase is large. However, at more than 100 \jjm, the high-rate cooling effect due 

50 to Strip-casting is so weakened that such drawbacks as precipitation of a-Fe are incurred. When r is relatively as high 
as approximately 30% by weight or more, the average crystal-grain size of R2Fe^4B is preferably from 10 to 50 ^m, 
more preferably from 15 to 35 ^m. On the other hand, when the Inventive cast alloy is used as the main-phase alloy 
in the two-alloy blending method and has a relatively low V content, the average grain size of R2Fe^4B is most pref- 
erably from 20 to 50 ^m. 

55 [0035] Each crystal grain of the main phase can be easily detected by means of polishing an alloy with Emery paper, 
then buff-polishing by means of alumina, digimond and the like, and observing the buff-polished surface with a magnetic 
Ken^ effect micrograph. Under the magnetic Kerr effect micrograph, the incident polarized light is reflected from the 
surface of the ferromagnetic body, and the polarization plane is rotated depending upon the direction of magnetization. 
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Difference in the polarization planes of the light reflected from the respective crystal grains can be distinguished in 
difference in the brightness. 

(3) Inter-R-rich phase spacing 

5 

[0036] The inter-R-rich phase spacing Is characterized by being from 3 to 1 5 ^m. When the Inter-R-rich phase spacing 
is 15 p.m or more in the cast alloy, and, when the cast alloy is finely pulverized to a particle diameter in the range of 
from 3 to 5 ^m for the purpose of compacting under magnetic field, the proportion of powder particles, in which the R- 
rich phases are present, becomes low in the entire powder. When this powder is subjected to the production process 
10 of a magnet, the following drawbacks are incurred. In the compaction under the magnetic field, the dispersion of the 
R-rich phases is poor in the green compact. The sintering property of this green compact is poor. The magnetized 
sintered product has locally low coercive force due to segregation of the R-rich phase. As a result the squareness ratio 
is low. 

[0037] On the other hand, when the inter-R-rich phase spacing is 3 ^m or less, the solidification rate, under which 
15 such narrow inter R-rich phase spacing is fomned, is too high. Under such high solidification rate, grain size of the main 
phase are detrimental refined. When V is relatively as high as approximately 30% by weight or more, the inter R-rich 
phase spacing is preferably from 3 to 10 ^un, more preferably from 3 to 8 ^m. On the other hand, when the inventive 
cast ailoy is used as the main-phase alloy of the two-alioy blending method and has a relatively low V content, the 
inter R-rich phase spacing is most preferably from 5 to 12 jim. 
20 [0038] The R-rich phase can be detected by means of polishing an alloy with Emery paper, then buff-polishing by 
means of alumina, diamond and the like, and subjecting the buff-polished surface to observation with a scanning-type 
electron microscope (SEM) to observe the back scattered electron image. Since the R-rich phase has a greater atomic 
number than the main phase, the back scattered electron image from the R-rich phase is brighter than that from the 
main phase. The average inter-R-rich phase spacing can be obtained by the following observation and calculation 
25 methods. For example, a cross-section of a strip is observed. In this obsen/ation, a line is drawn parallel to the surface 
of a strip a central axis at a half of the thickness, the number of the R-rich phases, which intersect the tine, is counted, 
and the length of line segments is divided by the calculated number. 

(4) Production Method 

30 

[0039] One of the production methods is characterized in the strip-casting method. Particulariy, the average cooiing 
rate in a temperature range of from the melting point to lOOO^C is set to 300*C/second or more, preferably 500'C/ 
second or more, and the cooling rate from 800 to BOC'C is set to 1 '*C/second or less, preferably 0.75*C/second or less. 
[0040] It is possible to produce the alloy in the fomn of a thin strip free of a-Fe by means of strip-casting. Recently, 

35 the strip-casting apparatus has been modified to improve the productivity. 

[0041] The solidification rate and the cooling rate in a high temperature range down to the vicinity of the peritectic 
temperature exert influence upon the grain size and fonnatlon of the a-Fe. Siow cooling rate is preferable for obtaining 
large grain size, whiie rapid cooling rate is rather preferable for preventing the a-Fe from forming. The inter-R-rich 
phase spacing is dependent upon the cooling rate in the high temperature region and also upon the cooling rate in a 

40 low-temperature region close to the eutectic temperature. For example, the inter-R-rich phase spacing becomes small- 
er, and the dispersion of the R-rich phases become finer, when the cooling rates are higher. There is, therefore, an 
optimum cooling condition for obtaining the optimum structure. 

[0042] Knowledge was obtained as a result of extensive studies that average cooling rate from the melting point to 
1000*0 should be SOCC/second or more. At a cooling rate of less than 300'*C/second, the a-Fe is fomned, the inter- 
ns R-rich phase spacing is wide, and the structure is not fine. 

[0043] One of the most influential factors on the stripcooling rate before separation from a casting roll is the thickness 
of a strip. The thickness of the strip should be from 0.15 to 0.60 mm, preferably from 0.20 to 0.45 mm to attain an 
average cooling rate in a temperature range of from the melting point to 1 0OO^'O amounting to 300*G/second or more 
and to forni the structure in which the grain size and the inter R-rich phase spacing are optimum. When the thtekness 
so of a strip is less than 0.15 mm, the solidification rate is so high that the grain size is less than the preferable range. 
Although an accurate measurement of the cooling rate is difficult, the cooling rate can be obtained by the following 
simple method. The temperature of a strip immediately after separation from the casting roll can be easily measured 
and lies in a range of from approximately 700 to BOO^'O. When the temperature-fall value is divided by the time period 
from supplying of melt onto the casting roll, via strip separation until the temperature measurement, then, the average 
S5 cooling rate in this temperature range can be obtained. The average cooling rate in a temperature range of from the 
melting point to BOO^'O can be obtained by this method. In the ordinary solidification and cooling process including the 
process of the present invention, the cooling rate is higher in a higher temperature-range. Therefore, if the average 
cooling rate from the melting point to 800^0 obtained by the above method is confinned to be 300**C/second or more, 
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it can be said that the cooling rate from the melting point to lOOO^C is also 300^C/second or more. Although the 
accurate, upper limit of the cooling rate is difficult to define, the cooling rate of approximately 10^C/second or less 
seems to be preferable. 

[0044] Since the cooling rate in the strip-casting is as high as hundreds to thousands ^C/second, the volume fraction 
5 of the R-rich phases in the obtained strip Is higher than that predicted by an equilibrium phase diagram. Such structure 
has been heretofore recognized and accepted as the preferable one. However, the volume fraction of R-rich phase is 
low in the present invention, because the cooling rate in a temperature range of from 800 to 600°C is I'^C/second or 
less. This relatively low cooling rate contributes to promote the formation of the R2T14B phase from the melt remaining 
in the temperature range of from 800 to 600**C for a longer time. When the cooling rate in the temperature range of 
10 from 800 to 600*'C exceeds 1 .O^'C/second, the solidification completes while separation of the the R^^^B phase from 
the liquid R-rich phase is incomplete. The R-rich phase remains, therefore, in excessive amount and the objects of the 
present invention are not attained. 

[0045] In addition, the coollng-rate control described above has the effect of providing appropriately wide spacing 
between the R-rich phases. 

15 [0046] According to the present invention, the temperature, at which a strip falls down from the casting roll is set at 
700*C or higher and an appropriate temperature-holding step is subsequently candied out, thereby enabling the cooling 
rate to be controlled in a range of from BOO to 600**C. 

[0047] The other production method, which attains the same effects as by the already described method, is charac- 
terized in a strip-casting method and heat-treatment, in which a cast and cooled strip is heat-treated at 600 to 800^*0. 

20 This heat-treatment temperature is lower than the homogenizing heat-treatment having the purpose for diminishing 
the a-Fe. Since the cast strip is thin, heat treatment time for at least 10 minutes is usually satisfactory. Heat treatment 
time longer than 3 hours Is unnecessary. The heat treatment time according to the present invention is, therefore, 
shorter than that of the homogenzing treatment. The heat-treatment atmosphere must be vacuum or Inert gas so as 
to prevent the strip from being oxidized. Cooling after the heat treatment down to approximately 600*C is preferably 

25 carried out slowly. An apparatus for implementing the inventive heat treatment is, therefore, advantageous In the light 
of investment and cost than the homogenizing treating apparatus. 

[0048] Incidentally, recently reported several inventions conceming the strip cast material are referred. 

[0049] According to the invention disclosed in Japanese Unexamined Patent Publication No. 8-269,643, desired 

structure is obtained by specifying the cooling rate, as well. The melt is subjected to primary cooling by means of a roll 

30 at a rate of from 2 x 1 03*C/second to 7 x 1 03*C/second. After cooling to the strip temperature of from 700 to 1 000*C 
and separation of a cast strip from the roll, the cast strip Is subjected to the secondary cooling at a cooling rate of from 
50 - 2 x lO^^C/second down to a temperature at or lower than the solidus temperature. The thus formed structure is 
that: the R2TuB phases have an average short-axis diameter of from 3 to 15 \im; the R-rich phase is 5 \im or less in 
size; and, the R2T14B phases and the R-rich phases are finely dispersed. Alledgedly, a high orientation degree can be 

35 maintained, and the pulverized powder does not contain easily oxidizable extremely fine particles. As a result, the 
magnetic properties can be successfully enhanced. 

[0050] According to the present invention, the cooling rate during the casting Is controlled also in the divided, high- 
temperature and low-temperature regions, so as to forni desirable structure and hence enhance the magnetic proper- 
ties. The alloy structure provided by the present invention is, however, different from that of Japanese Unexamined 

40 Patent Publication No. 8-269,643 in the points that: the average grain size of the R2Ti4B-phase is from 1 0 to 1 00 jim 
In the f onner and from 3 to 1 5 |im in the latter; and, the inter R-rich phase spacing is from 3 to 1 5 ^m in the former and 
not at all specified in the latter, which merely discloses the size of the R-rich phases. Regarding the secondary cooling, 
which partially overlaps the low-temperature range of the present invention, Japanese Unexamined Patent Publication 
No. 8-269,643 discloses that when the cooling rate is slow, the grain growth occurs, which incurs the iHc decrease of 

45 the sintered magnet A preferable secondary cooling rate is from 50*C/minute to 2 x 1 0^^C/mlnute in Japanese Unex- 
amined Patent Publication No. 8-269,643. This preferable highest cooling rate is set in the light of productivity but not 
from the magnetic properties. Contrary to this, the Inventive control of cooling rate in the high and low-temperature 
ranges attains a large grain size of the R2T.|4B-phase, narrow Inter R-rich phase spacing, and small volume fraction 
of the R-rich phases. For example, the cooling rate in the low-temperature region of from 800 to 600<^C Is as slow as 

so l*C/sec or less, and hence is considerably less than the highest secondary cooling rate of Japanese Unexamined 
Publication No. 8-269,643, i.e., 2 x 10**C/min (33.3''C/sec). This publication does not disclose at all the effectiveness 
of the post-casting heat treatment. 

[0051] According to the invention disclosed in Japanese Unexamined Patent Publication No. 8-264,363, a thin strip 
cast alloy obtained by the strip casting method Is heat treated at 800-1 lOO'^C to remove the hardened surface layer 
S5 and to accelerate the disintegration of alloy and powder-refinement in the succeeding hydrogen-absorbing step. The 
alloy structure is not defined in Japanese Unexamined Patent Publication No. 8-264,363. A preferable range of heat 
treatment Is different from the inventive range of from 600 to 800*C. 

[0052] The volume fraction and dispersion state of R-rich phases exert an influence upon the residual magnetization 
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of a magnet probably because of the following reasons. When the volume ratio of the R-rich phases is high, they are 
under non-equilibrium state. When roughly crushed alloy is subjected to the hydrogen decrepitation process, which is 
usually employed in the production of magnet, the R-rich phases preferentially absorbs hydrogen and embrittles. Cracks 
therefore preferentially generate in and propagate along the R-rich phases. The volume fraction and dispersion state 
of R-rich phases therefore exert an influence upon the shape of finely pulverized powder and its particle-size distribution. 
It is confirmed that, when the inter R-rich phase spacing is approximately 3 ^m or less, the powder shape tends to be 
angular. It is presumed that the orientation degree of finely pulverized powder at the compacting under magnetic field 
is influenced by its size and particle size distribution. 

BRIEF DESCRIPTION OF DRAWINGS 

[0053] 

Figure 1 is a photograph of a magnetic Kerr effect micrograph showing the grain size of the alloy produced in 
Example 1 (magnification 200 times) 

Figure 2 is a photograph of a back scattered electron image showing the dispersion of R-rich phases of the alloy 
produced In Example 1 (magnification 200 times) 

Figure 3 is a photograph of a back scattered elecctron image showing the dispersion of R-rich phases of the alloy 
produced in Comparative Example 1 (magnification 200 times) 

Figure 4 is a photograph of a magnetic Kerr effect micrograph showing the grain size of the alloy produced in 
Comparative Example 2 (magnification 200 times) 

[0054] The present invention is hereinafter described with reference to the examples and comparative examples. 

Example 1 

[0055] Iron-neodymium alloy, ferro-boron, cobalt, aluminum, copper and iron were used to provide an alloy compo- 
sition consisting of 30.7% by weight of Nd, 1 .00% by weight of B, 2.00% by weight of Co, 0.30% by weight of Al, 0.10% 
by weight of Cu, and the balance of Fe. The starting materials were melted in the alumina crucible by a high-frequency 
vacuum Induction furnace, under the argon-gas atmosphere. An approximately 0.33 mm thick strip was fomied by the 
strip-casting method. A high-temperature strip separated from the casting roll was held for 1 hour in a box made of 
highly heat-insulating material. The strip was then admitted into a box having water-cooling stnjcture to quench the 
strip to room temperature. The temperature change of the strip in the heat insulating box was measured by a thermo- 
couple situated in the box. The result was that, when the strip fell down into the heat-insulating box, its temperature 
was 710^C. Eight minutes then lapsed until the temperature reached at 600*^0. Since the time required for cooling from 
800^C to 710"C is negligibly short, the average cooling rate from 800 to SOO'^C is virtually 0.56^C per second and is 
actually less than this value. The cooling rate from the melting point to 1000*C is calculated from the time lapsed until 
the strip falls down into the heat-insulating box, and is more than 400°C per second. Meanwhile, temperature of a strip 
on the casting roll was measured by a radiation theromometer. This indicated that the cooling rate from the melting 
point to lOOO'C was more than 1000*C per second. 

[0056] The cross section of the resultant strip was observed by a magnetic Kerr effect micrograph. This indicated 
that the average grain size of the main phase, i.e., R2T14B phase, was approximately 28 ^.m. The back scattered 
electron image of a scanning-type electron microscope was also observed. This observation revealed that the R-rich 
phases are present along the boundaries and within the grains of the main phaises. The morphology of the R-rich 
phases is stripe form or partially granular. The inter R-rich phase spacing was approximately 5 nm. A slight amount of 
the rare-earth element poor phases, which seem to be the B-rich phases, was also present. The volume fraction (V) 
of the main phase, i.e., the R2Fe^4B phase, was measured utilizing an image-processor and revealed to be 91%. The 
volume fraction (V) of the main phase and ternary phase was 92%. 

[0057] IHydrogen was absorbed in the resultant alloy at room temperature and then described from the alloy at 600**C. 
The resultant powder was roughly crushed by means of Brown mill to obtain milled alloy powder having 0.5 mm or less 
of particle size. The roughly crushed powder was then finely pulverized by a jet mill to obtain the magnet powder having 
3.5 Jim of average particle diameter. The resultant powder was compacted under a magnetic field of 15 kOe and 
pressure of 1 .5 ton/cm^. The resultant green compact was sintered at 1 050*C for 4 hours. The two-step heat treatment 
was then carried out at 850'C for 1 hour and 520*C for 1 hour. The magnetic properties of the magnet produced are 
shown in Table 1 . 
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Comparative Example 1 

[0058] The same composition as in Example 1 was strip cast by the same strip-casting method as in Example 1 to 
produce a 0.3 mm thick alloy strip. A high-temperature strip separated from the casting roll was directly admitted into 

s a box having water-cooling structure to quench the strip to room temperature. The temperature change of the strip tn 
the box was measured by a thermo-couple situated in the box. When the strip fell down into the box, Its temperature 
was 71 0'^C. Fifteen seconds then lapsed until the temperature reached 600^*0. Since the time required for cooling from 
SOO'^C to 71 O^C is shorter than the time lapsed until the strip's falling down into the box and is approximately 2 seconds 
at the longest. This time is added to the fifteen seconds to calculate the average cooling rate from 800 to 600**C. This 

10 is virtually 1 2^*0 per second and is actually greater than this value. Meanwhile, the cooling rate from the melting point 
to 800^0 is the same as in Example 1 . 

[0059] A cross-section of the resultant strip was observed by a magnetic Kerr effect micrograph. This indicated that 
the average grain size of the main phase, I.e. , the R2Fei4B phase, was approximately 28 p.m. A back scattered electron 
image of a scanning-type electron microscope was also observed. This observation revealed that the R-rich phases 
IS are present along the boundaries and within the grains of the main phases. The morphology of the R-rich phases Is a 
stripe form or partially granular. The inter R-rich phase spacing was approximately 2 \xm. The volume fraction {V') of 
the main phase, I.e., the R2Fe^4B phase, was measured utilizing an image-processor and revealed to be 87%. The 
volume fraction (V) of the main phase and ternary phase was also 87%. 

[0060] A sintered magnet was produced by using the alloy produced as above by the same method as in Example 
20 1 . The magnetic properties of the magnet are shown in Table 1 . 

Example 2 

[0061] The same composition as in Example 1 was strip-cast by the same strip casting method as in Example 1 to 
25 produce a 0.33 mm-thick strip. A high -temperature strip separated from the casting roll fell in a box made of the same 

highly heat-insulating material as in Example 1 . The strip was extended broadly in the box in such a manner that the 

entire lower surface is placed on the box bottom. The strip was held for 1 hour in the box while maintaining the extended 

form. The strip was then admitted into a box having a water-cooling structure to quench the strip to room temperature. 

The temperature change of the strip in the heat-insulated box was measured by a themfio-couple situated in the box. 
30 When the strip fell down into the heat-Insulating box, its temperature was 710"C. Four minutes then lapsed until the 

temperature reached eOC'C. The average cooling rate from 800 to 600'C is O.SO'C per second or less. The cooling 

rate from the melting point to 800'*C is the same as in Example 1 . 

[0062] A cross section of the resultant strip was observed by a magnetic Kenr effect micrograph. This indicated that 
the average crystal-grain diameter of the main phase, i.e., R2T14B phase, was approximately 28 jim. A back scattered 

35 electron image of a scanning-type electron microscope was also observed. This observation revealed that the R-rich 
phases are present along the boundaries and within the grains of the main phases. The morphology of the R-rich 
phases is a stripe fomri or partially granular. The inter R-rich phase spacing was approximately 4 [im. The volume 
fraction (V) of the main phase, i.e., the R2^^A4^ phase, was measured utilizing an image-processor and revealed to 
be 90%. The volume fraction (V) of the main phase and ternary phase was 91%. 

40 [0063] A sintered magnet was produced by using the alloy produced as above by the same method as In Example 
1 . The magnetic properties of the magnet are shown in Table 1 . 

Comparative Example 2 

45 [0064] The same composition as in Example 1 was strip-cast by the same strip-casting method as in Example 1 to 
produce an alloy strip to be used as the main-phase alloy. However, the thickness of a strip was approximately 0.13 
mm because the melt feeding rate was decreased and the circumferential speed of the casting roll was increased twrce 
as compared with the case in Example 1 . 

[0065] A high-temperature strip separated from the casting roll was held for 1 hour In a box made of the heat-insulating 
50 material as in Example 1 . The strip was then admitted into a box having a water-cooling structure to quench the strip 
to room temperature. The temperature change of the strip in the heat-Insulated box was measured by a thenno-couple 
situated in the box. When the strip fell down into the heat-insulated box, its temperature was 630*C. Three minutes 
then lapsed until the temperature reached BOO'^C. The average cooling rate from 800 to BOO^'C is therefore 1 .1'^C per 
second or less. The cooling rate from the melting point to 800^C is 500**C per second or more. 
55 [0066] A cross section of the resultant strip was observed by a magnetic Kerr effect micrograph. This indicated that 
the average grain size of the main phase, i.e., the R2Fe^4B phase, was approximately 9 \im. A back scattered electron 
image of a scanning-type electron microscope was also observed. This observation revealed that the R-rich phases 
are present along the boundaries and within the grains of the main phases. The morphology of the R-rich phases is a 
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stripe form or partially granular. The Inter-R-rich phase spacing was approximately 4 |im. The volume fraction (V) of 
the main phase, i.e., the RgFe^^B phase, was measured utilizing an image-processor and revealed to be 90%. The 
volume fraction (V) of the main phase and ternary phase was 91%. 

5 Comparative Example 3 

[0067] The same composition as in Example 1 was cast into an iron mold having a water-cooling structure so as to 
fomi a 25 mm thick ingot. The cross-sectional structure of the ingot was measured using a magnetic Kerr effect mi- 
crograph. The average grain size of the main phase, I.e., the R2^e^A^ phase, was approximately 150 ^im. However, 
10 when a back scattered electron Image of a scanning-type electron microscope was observed, a large amount of a-Fe 
Is present in the entire ingot This ingot did not therefore serve for the production of a magnet. 

Example 4 

15 [0068] The alloy composition was the same as in Example 1 except that the Nd and Dy contents were 30.8% by 
weight and 1 .2% by weight, respectively. This alloy composition was strip cast by the same method as in Example 1 
to fomi an approximately 0.33 mm thick alloy strip. A sintered magnet was produced by the same method as in Example 
1 . The cooling rate, alloy structure and properties of the sintered magnet are shown together in Table 1 . 

20 Example 5 

[0069] The two-alloy blending method was earned out in this example. The main-phase alloy, which consisted of 
28.0% by weight of Nd, 1 .09% by weight of B, 0.3% by weight of Al, and the balance being Fe. was strip cast by the 
same method as in Example 1 to produce an approximately 0.35 mm thick strip. The cooling rate and alloy structure 
25 are shown in Table 1 . 

[0070] Meanwhile, iron-neodymium alloy, metallic dysprosium, ferro-boron, cobalt, aluminum, copper and iron were 
blended to provide a boundary-phase alloy composition consisting of 38.0% by weight of Nd, 10.0% by weight of Dy, 
0.5% by weight of B, 20% by weight of Co, 0.67% by weight of Cu, 0.3% by weight of Al, and the balance being Fe. 
The alloy composition was melted by using the alumina crucible by a high-frequency inductionvacuum furnace, under 

30 argon-gas atmosphere. An approximately 1 0 mm thick ingot was produced by the centrifugal casting method. 

[0071] Subsequently, 85% by weight of the main-phase alloy and 15% by weight of the boundary phase alloy were 
mixed and then subjected to hydrogen absorption at room temperature, followed by hydrogen desorption at 600*C. 
The resultant powder mixture was roughly crushed by a Brown mill to obtain an alloy powder having particle size of 
0.5mm or less. This powder was then finely pulverized by a jet mill to obtain magnet powder having average particle 

35 size of 3.5 ^m. The resultant fine powder was compacted under a magnetic field of 1 5kOe and pressure of 1 .Ston/cm^. 
The resultant green compact was sintered at 1050*'C for 4 hours in vacuum. The sintered compact was subjected to 
the first-stage heat-treatment at 850*C for 1 hour and the second-stage heat-treatment at 520*C for 1 hour The mag- 
netic properties of the magnet produced as above are shown in Table 1 . 

40 Comparative Example 5 

[0072] The main-phase alloy having the same composition as in Example 5 was strip cast by the same method as 
In Example 5 to fomi an approximately 0.35 mm thick strip. However, in the strip casting method, the strip separated 
from the casting roll was directly admitted into a box having a water-cooling structure, so as to quench the strip to room 
45 temperature. The cooling rate and the alloy structure of the strip are shown In Table 1 . 

[0073] The main-phase alloy produced in this comparative example and the boundary-phase alloy produced in Ex- 
ample 5 were used to produce a sintered magnet by the same method as in Example 5. The magnetic properties of 
the sintered magnet are shown in Table 1 . 

[0074] As Is described hereinabove, a strong penmanent magnet having the maximum energy product (BH)^^^^ 
so amounting to 40MGOe or more can be easily obtained. 
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[0075] In Examples 5 and Comparative Example 5, the R content, cooling rate and structure are those of the main- 
phase alloy. 



5 Claims 

1. A cast alloy used for the production of a rare earth magnet, which contains from 27 to 34% by weight of at least 
one rare earth element (R) including yttrium, from 0.7 to 1 .4% by weight of boron, and the balance being essentially 
iron and optionally any other transition element, and comprises an R2T14B phase, an R-rlch phase and optionally 

10 at least one ternary phase except for the R2T14B phase and the R-rich phase 

characterized in that 

the volumne fraction (V) In percentage of said R2T14B phase and said at least one ternary phase is more than 
138-1 .6r (with the proviso that r is the content of R in terms of weight %), the average grain size of the R2T14B 
phases Is from 10 to 100 p.m and, further, the average spacing between the adjacent R-rich phases Is from 3 to 
15 15 Jim. 

2. A cast alloy used for the production of a rare earth magnet according to claim 1 , which contains from 28 to 33% 
by weight of at least one rare earth element (R) including yttrium, from 0.95 to 1 .1% by weight of boron, and the 
balance being essentially iron and, occasionally any other transition element, characterized in that the volume 

20 fraction (V) in percentage of said R2T14B phase is in the range of from 138 - 1 .6r < V < 95, the average grain size 

of the R2Ti4B phases Is from 10 to 50 ^.m and, further, the average spacing between the adjacent R-rich phases 
is from 3 to 1 0 ^m. 

3. A cast alloy used for the production of a rare earth magnet according to claim 2, which contains from 30 to 32% 
25 by weight of at least one rare earth element (R) Including yttrium, from 0.95 to 1 .05% by weight of boron, and the 

balance being essentially iron and, occasionally any other transition element, characterized in that the volume 
fraction (V) in percentage of said R2T14B phase is in the range of from 138 - 1 .6r < V < 95, the average grain size 
of the R^^JS phases Is from 15 to 35 |i.m and, further, the average spacing between the adjacent R-rlch phases 
is from 3 to 8 \un. 

30 

4. A cast alloy used for the production of a rare earth magnet according to claim 1 , which contains from 27 to 30% 
by weight of at least one rare earth element (R) including yttrium, from 0.95 to 1 .4% by weight of boron, and the 
balance being essentially iron and, occasionally any other transition element, characterized in that the volume 
fraction (V) in percentage of said R2T14B phase is more than 91 , the average grain size of the ^Tu^ phases is 

35 from 15 to 100 p.m and, further, the average spacing between the adjacent R-rich phases is from 3 to 15 \im. 

5. A cast alloy used for the production of a rare earth magnet according to claim 4, which contains from 28 to 29.5% 
by weight of at least one rare earth element (R) including yttrium, from 1 .1 to 1 .3% by weight of boron, and the 
balance being essentially iron and, occasionally any other transition element, characterized In that the volume 

40 fraction (V) in percentage of said R2T14B phase is more than 93, the average grain size of the R2T14B phases is 

from 20 to 50 ^m and, further, the average spacing between the adjacent R-rich phases is from 5 to 12 ^m. 

6. A method of producing a cast alloy according to any one of claims 1 through 5, characterized In that melt having 
a composition according to any one of claims 1 through 5 is fed onto a rotary casting roll, and is cooled in a 

45 temperature range of from melting point to 1000^*0 at a cooling rate of 300**C per second or more, and further 

cooled in a temperature range of from 800 to 600**C at a cooling rate of I^C/second or less. 

7. A method according to claim 6, wherein the cooling rate in the temperature range of from melting point to 1 000"C 
is 500'*C per second or more, and, further the cooling rate in the temperature range of from 800 to BOO^'C Is 0.75**C 

so per second or less. 

8. A method for producing a magnet, characterized in that a cast alloy according to claim 1 , 2 or 3 Is crushed and 
pulverized into powder, and the powder is compacted under magnetic field and then sintered. 

55 9. A method for producing a magnet, characterized in that a cast alloy according to claims 1 , 4 or 5 is crushed and 
pulverized Into a first powder, the first powder and the second powder which contains mainly iron and rare earth 
elements in an amount essentially greater than the first powder are mixed together, and the powder mixture Is 
compacted under magnetic field and then sintered. 
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Patentansprtiche 

1 . Gusstegierung zur Verwendung fur die Herstellung eines Seltenerdmagnets. die 27 bis 34 Gew.-% mindestens 
eines Settenerdmetalts (R) einschfiesslich Yttrium und 0,7 bis 1 ,4 Gew.-% Bor enthalt, und wobei das Gleichgewicht 

5 im wesentlichen Eisen und optional irgendein anderes Ubergangselement ist, und die eine R2T^4B-Phase, eine 

R-reiche und optional mindestens eineternare Phase ausserder R2Ti4B-Phase und der R-reichen Phase umfasst, 
dadurch gekennzeichnet, dass 

der Volumengehalt (V) in Prozent der R2Ti4B-Phase und der mindestens einen temaren Phase mehr als 138 - 
1 ,6 r betragt(unter der Voraussetzung, dass r der Gehalt von R in Gew.-% ausgedrQcia ist)» die durchschnittliche 
10 Komgr6sse der R2T^4B-Phasen 10 bis 100 ^im betrfigt, und femer der durchschnittliche Abstand zwischen den 

benachbarten R-reichen Phasen 3 bis 15 pni betrSgt. 

2. Gusslegiemng zur Verwendung fur die Herstellung von Seltenerdmagneten nach Anspruch 1 , die 28 bis 33 Gew.- 
% mindestens eines Seltenerdmetalls (R) einschliesslich Yttrium und 0,95 bis 1 ,1 Gew.-% Bor enthalt, und wobei 

15 das Gleichgewicht im wesentlichen Eisen und, gegebenenfalls, irgend ein anderes Ubergangselement ist, 

dadurch gekennzeichnet, dass der Volumengehalt (V) in Prozent der R2Ti4B-Phase in dem Bereich zwischen 
138 - 1 ,6 r < V < 95 liegt, die durchschnittliche Korngrdsse der R2T^4B-Phasen 10 bis 50 ixm betragt, und femer 
der durchschnittliche Abstand zwischen den benachbarten R-reichen Phasen 3 bis 10 ^m betragt. 

20 3. Gussleglerung zur Verwendung fur die Herstellung von Seltenerdmagneten nach Anspruch 2, die 30 bis 32 Gew.- 
% mindestens eines Seltenerdmetalls (R) einschliesslich Yttrium und 0,95 bis 1 ,05 Gew.-% Bor enthaft, und wobei 
das Gleichgewicht im wesentlichen Eisen und, gegebenenfalls, irgend ein anderes Ubergangselement ist, 
dadurch gekennzeichnet, dass der Volumengehalt (V) in Prozent der R2T^4B-Phase in dem Bereich zwischen 
138 - 1 ,6 r < V < 95 liegt, die durchschnittliche Korngrosse der R2T^4B-Phasen 15 bis 35 \Lm betragt, und ferner 

25 der durchschnittliche Abstand zwischen den benachbarten R-reichen Phasen 3 bis 8 ^m betragt. 

4. Gussleglerung zur Venvendung fur die Herstellung von Seltenerdmagneten nach Anspruch 1 , die 27 bis 30 Gew.- 
% mindestens eines Seltenerdmetalls (R) einschliesslich Yttrium und 0,95 bis 1 ,4 Gew.-% Bor enthalt, und wobei 
das Gleichgewicht im wesentlichen Eisen und, gegebenenfalls, irgend ein anderes Ubergangselement ist, 

30 dadurch gekennzeichnet, dass der Volumengehalt (V) in Prozent der R2T^4B'Phase uber 91 liegt, die durch- 

schnittliche Korngrosse der R2Ti4B-Phasen 15 bis 100 ^im betragt, und femer der durchschnittliche Abstand zwi- 
schen den benachbarten R-reichen Phasen 3 bis 1 5 }xm betragt. 

5. Gussleglerung zur Verwendung fur die Herstellung von Seltenerdmagneten nach Anspruch 4, die 28 bis 29,5 Gew.- 
35 % mindestens eines Seltenerdmetalls (R) einschliesslich Yttrium und 1 ,1 bis 1 ,3 Gew.-% Bor enthalt, und wobei 

das Gleichgewicht im wesentlichen Eisen und, gegebenenfalls, irgend ein anderes Obergangselement ist, 
dadurch gekennzeichnet, dass der Volumengehalt (V) in Prozent der R2Ti4B-Phase tiber 93 liegt, die durch- 
schnittliche Korngrosse der R2Ti4B-Phasen 20 bis 50 \vr\ betragt, und femer der durchschnittliche Abstand zwi- 
schen den benachbarten R-reichen Phasen 5 bis 12 ^m betragt. 

40 

6. Verfahren zur Herstellung einer Gussleglerung nach einem der Anspriiche 1 bis 5, dadurch gekennzeichnet, 
dass die Schmeize mit einer Zusammensetzung nach einem der Anspruche 1 bis 5 einem Rotationswalzweric 
aufgegeben und in einem Temperaturiaereich vom Schmelzpunkt bis zu lOOO^C bei einer Abkuhlgeschwindigl<elt 
von 300''C pro Sekunde oder daruber abgekuhit wird, und ferner in einem Tempo raturbereich von 800 bis eOO^'C 

45 bei einer Abkuhlgeschwindigkeit von 1 ""C/Sekunde oder darunter abgekuhit wird. 

7. Verfahren nach Anspruch 6, bei dem die Abkuhlgeschwindigkeit im Temperaturbereich vom Schmelzpunkt bis 
lOOO^C 500^C pro Sekunde oder daruber betragt, und ferner die Abkuhlgeschwindigkeit im Temperaturbereich 
von 800 bis 600**C 0,75**C pro Sekunde oder darunter betragt. 

50 

8. Verfahren zur Herstellung eines Magnets, dadurch gekennzeichnet, dass eine Gusslegierung nach Anspruch 
1 , 2 Oder 3 grob zerkleinert und zu Pulverfeinvermahlen wird, und das Pulver unter magnetischem Feld kompaktiert 
und dann gesintert wird. 

S5 9. Verfahren zur Herstellung eines Magnets, dadurch gekennzeichnet, dass eine Gusslegierung nach den An- 
bspnuchen 1 , 4 oder 5 grob zerkleinert und zu einem ersten Pulverfeinvermahlen wird, das erste und das zweite 
Pulver, das hauptsachlich Eisen und Seltenerdmetalle in einer Menge enthalt, die im wesentlichen grosser ist als 
die des ersten Pulvers, miteinander gemischt werden, und das Pulvergemlsch unter magnetischem Feld kompak- 
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tiert und dann gesintert wird. 



Revendications 

5 

1 . Alliage de fonderie utilise pour la production d'un aimant aux terres rares, qui contient de 27 k 34 % en poids d'au 
moins un §l6ment (R) des terres rares, y compris ryttrium, de 0,7 & 1,4 % en poids de bore, et le reste 6tant 
essentiellement du fer et ^ventuellement n'importe quel autre 6l6ment de transition, et qui comprend une phase 
R2T^4B, une phase riche en R et Sventuellement au nnoins une phase temaire k rexception de la phase R2T14B 

10 et de la phase riche en R, 

caract^rise en ce que 

la fraction volumique (V) en pourcentage de ladite phase R2T14B et de ladrte phase ternaire est sup^rieure ^ 
138-1 ,6r (sous la condition que r est la teneur en R en termes de % en poids), la taille moyenne des grains des 
phases RaT^B est de 10 ft 100 jim et, en outre. I'espacement moyen entre les phases riches en R contlgues est 
IS de3^15pjn. 

2. Alliage de fonderie utilise pour la production d'un aimant aux terres rares selon la revendtcation 1 , qui contient de 
28 k 33 % en poids d'au moins un 6l6ment (R) des tenses rares, y compris I'yttrium, de 0,95 k 1 ,1 % en poids de 
bore, et le reste 6tant essentiellement du fer, et occasionnellement n'importe quel autre 6l6ment de transition, 

20 caracterise en ce que la fraction volumique (V) en pourcentage de ladite phase R2T14B est dans la plage de 1 38 

- 1 ,6r < V < 95, la taille moyenne des grains des phases R2T14B est de 10 & 50 ^m et, en outre, I'espacement 
moyen entre les phases riches en R contlgues est de 3 d 10 ^m. 

3. Alliage de fonderie utilis6 pour la production d'un aimant aux terres rares selon la revendication 2, qui contient de 
25 30 ^ 32 % en poids d'au moins un 6l6ment (R) des terres rares, y compris I'yttrium, de 0,95 k 1 ,05 % en poids de 

bore, et le reste 6tant essentiellement du fer, et occasionnellement n'importe quel autre 6l6ment de transition, 
caracterise en ce que la fraction volumique (V) en pourcentage de ladite phase RaT^B est dans la plage de 1 38 
- 1 ,6r < V < 95, la taille moyenne des grains des phases R2T^4B est de 15 d 35 ^m et, en outre, I'espacement 
moyen entre les phases riches en R contlgues est de 3 ^ 8 fim. 

30 

4. Alliage de fonderie utllls6 pour la production d'un aimant aux terres rares selon la revendication 1 , qui contient de 

27 k 30 % en poids d'au moins un 6l§ment (R) des ten-es rares, y compris I'yttrium, de 0,95 k 1 ,4 % en poids de 
bore, et le reste 6tant essentiellement du fer, et occasionnellement n'importe quel autre 6l6ment de transition, 
caracterise en ce que la fraction volumique (V) en pourcentage de ladite phase R2T14B est sup^rieure ^ 91 , la 

3s taille moyenne des grains des phases R2T14B est de 15 d 100 [im et, en outre, I'espacement moyen entre les 

phases riches en R contlgues est de 3 ^ 15 pjn. 

5. Alliage de fonderie utilis6 pour la production d'un aimant aux terres rares selon la revendication 4, qui contient de 

28 k 29,5 % en poids d'au moins un 6l6ment (R) des terres rares, y compris I'yttrium, de 1 ,1 6 1 ,3 % en poids de 
40 bore, et le reste 6tant essentiellement du fer, et occasionnellement n'importe quel autre 6l6ment de transition, 

caracterise en ce que la fraction volumique (V) en pourcentage de ladite phase R2T14B est sup^rieure k 93, la 
taille moyenne des grains des phases R2T<|4B est de 20 k 50 \jum et, en outre, I'espacement moyen entre les phases 
riches en R contlgues est de 5 d 12 ^m. 

45 6. Proc§d6 de production d'un alliage de fonderie selon I'une quelconque des revendications 1 k 5, caracterise en 
ce qu'une masse fondue ayant une composition selon I'une quelconque des revendications 1 ^ 5 est amende sur 
un cylindre rotatif de coul6e et est refroidie dans une plage de temperature allant du point de fusion k 1 000<*C, k 
une Vitesse de refroidissement de 300*C par seconde ou plus, et est refroidie de fa9on suppl6mentaire dans une 
plage de temperature allant de 800 k 600*C, k une Vitesse de refroidissement de 1'*C/seconde ou moins. 

so 

7. Procede selon la revendication 6, dans lequel la vitesse de refroidissement dans la plage de temperature allant 
du point de fusion k 1000*^0 est de 500''C par seconde ou plus et, en outre, la vitesse de refroidissement dans la 
plage de temperature allant de 800 k 600® C est de 0,75®C par seconde ou moins. 

55 8. Precede de production d'un aimant, caracterise en ce qu'on broie un alliage de fonderie selon la revendication 
1 , 2 ou 3 et on le pulverise en une poudre, on comprime la poudre sous un champ magnetlque et ensulte on la f rrtte. 

9. Precede de production d'un aimant, caracterise en ce qu'on broie un alliage de fonderie selon les revendications 
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1 , 4 ou 5 et on le pulv6rise en une premiere poudre, on melange ensemble la premi6re poudre et la seconde 
poudre qui contient principaiement du fer et des 6l^ments des terres rares en une quantity sensiblement plus 
grande que la premiere poudre et on comprime le nn^lange de poudres sous un champ magn^tlque et ensuite on 
le fiitte. 
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